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COMPLETE SPECIFICATION 

Method of preparing True Vitamin Bi= or Cyanocobalamin 
by Fermentation Process 



We, Pierrel S.P.A., a body corporate 
organised and existing under the laws of 
the Republic of Italy, of Via Tusati 30, 
Milan, Italy, do hereby declare the invention, . 

5 for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement : — 

Our invention relates to a method of 

10 directly producing true vitamin B 12 , or cyano- 
cobalamin, the expression " true vitamin B 12 " 
being used herein for the purpose of exclud- 
ing from the scope of the invention analogous, 
but dissimilar, substances as are sometimes 

15 termed vitamins B 12a , B 12 l, B 12rj , and so on. 
Vitamin B 12 is a chemical compound of 
complex formula, containing a cobalt atom 
bonded to a cyanogen radical CN*~, whence 
its name cyanocobalamin. It can schematically 

20 be represented by the formula R — Co — CN. 
In certain substances analogous to vitamin 
B 12 , the CN~ group is replaced by some other 
electronegative group. Among such analogous 
substances, one comparatively common sub- 

25 stance is the compound that has been termed 
vitamin B 12a or B 12 „, and wherein the CN~ 
group is replaced by an OH"~ group; accord- 
ingly it is now usually designated as hydro- 
cobalamin. This compound can be schematic- 

30 ally represented by R — Co— OH. 

In human therapeutics cyanocobalamin is 
exclusively used. In animal breeding however, 
various types of mixed concentrates are used 
which generally contain a minor proportion 

35 of cyanocobalamin and a major proportion of 
hydrocobalamin or analogous substance. 

Since cyanocobalamin has greater chemical 
stability than its analogue, and is capable of 
being stored indefinitely without any reduc- 

40 tion in its activity, it would be desirable if 
the entire B 12 activity of such preparations 
could be provided by the cyanocobalamin. 

There are a great many conventional pro- 
[Price 4s. 6 J.] 



cesses disclosed in the literature for the pro- 
duction of cyanocobalamin. 

In such processes, a nutrient medium con- 
taining any suitable cobalt salt is exposed to 
fermentation by means of microorganisms 
such* as Bacillus Megatherium, Propionibac- 
terium ~Freudenreichii, Methanobacterium 
Omelianskiy and Streptomyces Olivaceus. 
Hydroxycobalamin is then formed in the 
medium. 

To extract it, a large excess of soluble 
cyanide is added e.g. as potassium cyanide, 
whereby pure crystallized cyanocobalamin is 
finally obtained. ^ 

A few methods have been suggested fox 
the direct preparation of cyanocobalamin by 
fermentation. 

These methods rely on the addition, to the 
nutrient medium, of a soluble cyanide or a 
cyanide-donor compound. 

Ihe methods are not particularly satisfac- 
tory owing to the following difficulty en- 
countered in their use: if the cyanide or cya- 
nide-donor substance is used in an excessively 
high concentration, it becomes toxic and in- 
hibits fermentation. If on the other hand the 
cyanide or cyanide-donor substance is used 
in an excessively low concentration, the pro- 
cess leads to a preferential formation of 
hydrocobalamin (R — Co — OH) rather than 
the desired cyanobalarnin (R — Co — CN). 

Thus Patent Specification 699,369 which 
claims a process of producing cyanocobala- 
min, is the only disclosure known to the 
Applicants in which numerical data are given 
indicating the (R — Co — CN)/(R — Co— 
CN-f-R— Co — OH) ratio obtained in the 
fermentation, and such ratio can be calculated 
as being equal to 0.09 in the absence of 
cyanide, and 0.17 in the presence of cyanide. 

The Applicants have discovered that it is 
possible to produce, by a direct fermentation 
process, exclusively cyanocobalamin, or in 
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other words obtain a (R — Co — CN)/(R — 
Co— CN + R— Co— OH) ratio which is 
practically equal to unity, by using cobaltous 
cyanide Co(CN) 2 as an ingredient in the fer- 
5 mentation process. 

That is, referring to the process disclosed 
in Patent Specification 695,273 which also 
claims a process of producing cyanacobal- 
amin, instead of adding into the nutrient 
10 medium cobalt in the form of an arbitrary 
compound thereof, and referring to the pro- 
cess disclosed in Patent Specification 699,369 
instead of separately adding a cyanide or 
cyanide-donor substance in the form of a 
15 further arbitrary compound, according to the 
present invention there is added to the 
medium a single and specific compound, 
cobaltous cyanide. 

Among the properties of this compound 
20 which are of particular interest as regards the 
present invention, is the fact that it has ex- 
tremely low solubility in water: about 40 
parts per milh'on (in the nutrient medium > 
this solubility is still lower; about 20 p.p.m.), 
25 this proportion corresponding to. about 105 
p.p.m. Co** and about 9.5 p.p.m. CN~. 
Thus, if 100 p.p.m. of cobaltous cyanide are 
added under sterile conditions to the nutrient 
medium in the initial stages of the fermenta- 
30 tion, according to the process of this inven- 
tion, the compound will dissolve until such 
time as its concentration has reached the 
saturation point. Thereafter, as Co ++ and 
CN~ ions are progressively consumed, it will 
55 continue to dissolve and will thus serve to 
maintain throughout the period of fermenta- 
tion a constant concentration of Co** and 
CN~ ions of about 20 p.pjn. 

We have found that under such circum- 
40 stances cyanocobalamin is consistendy formed 
in the fermented medium instead of the 
hydrocobalarnin heretofore obtained. 

From a fermented medium thus obtained, 
a product having beneficial activity in the 
45 care and treatment of animals can be directly 
produced, containing exclusively cyanocobal- 
amin, rather than a low concentration of 
cyanocobalamin and a high concentration of 
hydrocobalarnin. Such a veterinary or animal- 
50 adjuvant product thus constitutes a new pro- 
duct of manufacture covered by this invention. 

Alternatively, the fermented medium ob- 
tained as above may be subjected to conven- 
tional extractive chemical treatment (solvent 
55 extraction, chromatography, or the like) to 
produce pure cyanocobolamin in crystallized 
form without the necessity of adding to it any 
large excess of soluble cyanide, in contrast 
with what was required in the conventional 
60 methods. This is an important advantage in 
view of the high toxicity of cyanide and the 
hazards attending the handling of it in large 
concentrations, and the removal of it after 
treatment. 

65 It may further be noted that, of all com- 



pounds capable of acting as donors of Co ++ 
and CN , cobaltous cyanide is apparently the 
only substance capable, in a fermenting 
medium, of simukaneouslv maintaining both 
the Co" + and the CN~ concentrations at 70 
values which not only are constant and nearly 
equal, but further are lower than the toxic 
values, which lie usually in the range from 25 
to 50 p.p.m. depending on the type of fer- 
mentation involved. 75 

The invention is applicable to any genus of ** 
microorganisms producing cobalamins, and 
particularly to the genus Propionibacterium. 

The following examples are given to illu- 
strate the invention. 80 

Example 1 

Fermentation with Propionibacterium in 
flasks with agitation. The bacterial stock used 
in the culture was derived from a natural stock 
isolated from milk by a lengthy procedure in- 85 
volving mutation and selection. The nutrient 
medium principally contained 25 g/I of a 
substance rich in soluble protein such as com- 
steep, yeast autolysate, casein hydrolysate, 
and 50 g/1 glucose from hydrolyzed molasses. 90 

The medium was sterilized by heating it 
to 120°C for 20 minutes. 

The nutrient medium further contained, 
depending on the particular test runs, either 
a soluble salt of cobalt and a soluble cyanide 95 
or cobaltous cyanide in accordance with the 
invention. 

Where the nutrient medium contained 
cobaltous cyanide, this compound was steril- 
ized separately then added under sterile con- 100 
ditions to the medium. 

Otherwise, should the cobaltous cyanide be 
added into the medium prior to sterilization, 
it would be largely dissolved during the 
120°C heating step, and on cooling the 105 
medium would remain supersaturated in 
cobaltous cyanide, preventing the develop- 
ment of any fermentation. 

In practice, in order to provide a nutrient 
medium containing 100 p.p.m. cobaltous V 
cyanide, there may be added to the sterile 
medium 1% of a sterile, homogeneous sus- 
pension containing 10 g/1 cobaltous cyanide. 
The addition may be made at the start of or 
during the fermentation. 125 

The nutrient medium was added in one- 
litre portions into two litre flasks. 

The fermentation was carried out at a tem- 
perature of 30°C. 

The flasks were placed on a reciprocating 120 
agitator which maintained a constant and 
moderate agitation in the medium. 

The pH of the medium was adjusted twice 
a day to pH 7.0 by addition of ammonia 
solution under sterile conditions. 125 

The vitamin B 12 remained in a intra-cellu- 
lar condition throughout the fermentation. 

Towards the end of the fermentation the 
cells were subjected to centrifuging and were 
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washed several times, then dried by atonriza- 
tion. 

This treatment results in breaking down 
the cell walls and releasing the vitamin 
for extraction by water or appropriate sol- 
vents. 

After purifying the extract, the cyanocob- 
alamin and hydrocobalamin concentrations 
were titrated and separated by counterflow 
extraction in a water/benzyl alcohol system. 



They may alternatively be separated by 
electrophoresis, or by passing the mixture 
over iron exchange resin materials. 

It was found that when the nutrient 
medium contained 100 p.p.m. or more cobalt- 
ous cyanide, all of the vitamin B 12 produced 
occurred as cyanocobalamin. 

This is apparent from the following table 
of test results: 
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Hydro- Cyanoco- Total 

cobalamin balamin R — Co — CN* Ratio of 
Co ++ and CN~ R — Co — OH R— Co— CN R— Co— OH R— Co— CN 
Concentrations mg/1 mg/1 mg/1 R— Co — CN+Co— OH 



5 p.p.m. Co ++ as CoCL 


5.5 


0.5 


6. 


0.08 


f5 p.p.m. Co ++ as CoCL 
\l p.p.m. CN- as CNK 


5. 


1. 


6. 


0.17 


. f5 p.p.m. Co^ as CoCL 
\l0 p.p.m. CN- as CNK 


5. 


2. 


6.5 


0.23 


f 5 p.p.m. Co^"' as CoCL 
[40 p.p.m. CN- as CNK 


0 

(no growth) 


0 

(no growth) 


0 

(no growth) 




25 p.p.m. cobaltous cyanide 
(CO(CN) 2 ) 


6. 


2. 


8. 


0.25 


50 p.p.m. cobaltous cyanide 


4.5 


4. 


9.5 


0.42 


100 p.p.m. cobaltous cyanide 


0.5 


9. 


9.5 


0.95 


200 p.p.m. cobaltous cyanide 


0. 


8. 


8. 


1. 



Example II 
Fermentation with Propionihactevium in 
pilot-tanks. 

In this example, the general conditions re- 
25 garding bacterial stock, medium sterilization 
time and fermentation temperature, were the 
same as in Example I. However the final fer- 
mentation was performed in a 140 litre pilot 
tank containing 100 1 nutrient medium. 
30 Throughout fermentation the nutrient 
medium was maintained in moderate motion 
by means of an appropriate stirrer* and the 
pH was adjusted every two hours to pH 7.0 
by sterile addition of ammonia solution. 



The particular stock of Propionibacteriutn 35 
used was not strictly anaerobic, but of a 
character that can be described as microaero- 
bic i.e. though it will not develop in the 
presence of a large excess of air, it only de- 
velops incompletely in a total absence of air. 40 

The fermented medium should therefore 
be aerated by a suitable bubbling device, and 
the rate of discharge of sterile air into the 
tank should be gradually increased as the 
bacteria develop, i.e. as the reaction proceeds. 45 
One suitable schedule for the aeration process 
that has given satisfactory results is given 
below : 
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Rate of Air Delivery per 100 l of Medium 



Fermentation time 
(Hours) 



In l/min.: 



In air volume per 
volume of medium 
and per minute: 



0—24 


0 


0 


24—36 


10 


0.1 


36—48 


20 


0.2 


48—60 


30 


0.3 


60—84 


40 


0.4 



10 



15 



20 



25 



On completion of fermentation the cells 
were centrifuged, washed several times, then 
dried using a dual cylinder rotary drier. 

About 1.4 kg. dry bacterial powder were 
thus obtained per tank. 

When the initial nutrient medium con- 
tained any other soluble cobalt salt, it was 
found that the resulting bacterial powder con- 
tained about 600 mg/kg hydrocobalamin and 
less than 100 mg/kg cyanocobalamin. 

Where on the other hand the initial nutrient 
medium contained 100 p.p.m. or more cobal- 
tous cyanide according to the present inven- 
tion, the final bacterial powder was found to 
contain about 700 mg/kg cyanocobalamin 
and less than 50 mg/kg hydrocobalamin. 

Such bacterial powder constitutes an ex- 
cellent animal-growth-promoter e.g. for feed- 
ing cattle. 

It constitutes a new product of manufac- 
ture in that it contains a major proportion of 
cyanocobalamin rather than a major portion 
of hydrocobalamin or other analogous com- 
pounds, as in comparable growth-promoters 
heretofore produced. 

WHAT WE CLAIM IS: — 

1. A process of producing, by direct fer- 



mentation cyanocobalamin or concentrates 
containing a major proportion of cyanoco- 30 
balamin (i.e. a rninor proportion of hydroco- 
balamin or analogous Vitamin B 12 com- 
pounds) which comprises adding to the 
nutrient medium cobaltous cyanide and main- 
taining the concentration of Co ++ and CN~ 35 
ions constant throughout the fermentation. 

2. A process according to claim 1 in which 
the cobaltous cyanide is used in an amount 
of from 20 to 100 p.p.m. with respect to the 
medium. 49 

3. A process according to claim 1 or claim 
2 in which the cobaltous cyanide is first steril- 
ized and then added to the nutrient medium 
under sterile conditions. 

4. A process of producing cyanocobalamin 45 
substantially as herein described with refer- 
ence to the foregoing examples. 

5. Cyanocobalamin or concentrates con- 
taining a major proportion of cyanocobalamin 
when produced by die process of any of the 50 
preceding claims. 

ERIC POTTER & CL ARKS ON, 

Agents for the Applicants, 
317, High Holborn, London, W.C.2. 
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